Dupuytren's disease is a palmar fibromatosis associated with changes in fibroblast activity that also affect the metabolism of extracellular matrix components. In contrast to disease connected alterations in collagen and non-collagenous glycoproteins (mainly fibronectin), the metabolism of proteoglycans, being glycosaminoglycan modified glycoproteins, is poorly understood. Thus, the aim of the present study was the characterization of matrix proteoglycans (PGs) derived from normal fascia and Dupuytren's fascia. Extracted and purified PGs (particularly small PGs) were analysed for content, molecular mass, immunoreactivity and glycosaminoglycan chain structure. The matrix of normal fascia mainly contains decorin [small dermatan sulfate (DS) PG] with biglycan (another small DSPG) and large chondroitin sulfate(CS)/ DSPG representing minor components. Dupuytren's disease is associated with the remodeling of matrix PG composition. The most prominent alteration is an accumulation of biglycan frequently bearing DS chains with higher molecular masses. Moreover, the amount of large CS/DSPG is increased. In contrast, decorin displays changes affecting mainly DS chain structure reflected in (i) an increase in some chain molecular masses, (ii) an enhanced content of iduronate disaccharide clusters, and (iii) oversulfation of disaccharide repeats. The PG alterations observed in Dupuytren's fascia may influence the matrix properties and contribute to disease progression.
Proteoglycans (PGs) are glycosaminoglycan (GAG) modified glycoproteins that are widespread in animal tissues. The molecules exist intracellularly, on the cell surface as well as in the extracellular matrix (ECM). Matrix PGs represent a heterogenous group of macromolecules characterized by various types of GAG chains attached to structurally different, multidomain core proteins (1) . Matrix PG functions can be divided into three categories: (i) participation in ECM assembly via binding to collagens, elastin, non-collagenous glycoproteins and hyaluronic acid, (ii) influence on matrix permeability, and (iii) actions on cell behaviour by means of growth factor and cytokine sequestering in the ECM, as well as interactions with various cell receptors followed by signalling. The fulfilment of these specific functions depends upon linking miscellaneous ligands to the PG core protein and/or to GAG chains. The latter represent unbranched sulfated heteropolisaccharides that are polymers of disaccharide repeats. However, the disaccharide unit composition differs in various types of sulfated GAGs. Heparan sulfate and heparin are co-polymers of disaccharides including D-glucuronate and N-acetyl/N-sulfo glucosamine residues (GlcA-GlcNAc/GlcNSO 3 -) or L-iduronate and Nsulfo/N-acetyl glucosamine residues (IdoA-GlcNSO 3 -/GlcNAc), respectively (2) . Dermatan sulfate (DS) also comprises two types of disaccharide repeats: D-glucuronate-N-acetyl galactosamine (GlcA-GalNAc) and L-iduronate-N-acetyl galactosamine (L-IdoA-GalNAc) (3) . On the other hand, chondroitin sulfate (CS) and keratan sulfate are formed by only one kind of monomer, including D-glucuronate and N-acetyl galactosamine residues (GlcA-GalNAc) or D-galactose and N-acetyl glucosamine residues (Gal-GlcNAc), respectively (3) . However, all sulfated GAGs display remarkable structural diversity due to different chain lengths as well as various patterns of sulfation and/or C-5-uronosyl epimerisation (conversion of glucuronic to iduronic acid occurring in co-polymeric GAG chains) (3) . The GAG structure and/or expression of by Charles Eaton on April 10, 2011 jb.oxfordjournals.org
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PG core proteins depend upon the action of partly known factors, including cytokines and growth factors (4, 5) as well as collagen (6) . The complex system of PG metabolism affecting factors changes under various physiological and pathological conditions leading to the formation of a specific matrix PG profile. These poorly known changes in matrix PGs may be involved in the pathogenesis of various diseases.
Dupuytren's disease is mainly a palmar fibromatosis leading to progressive digital flexion contracture (7) . In the course of the disease, two types of lesions are observed to co-exist in the palmar fascia-nodules consisted of proliferating fibroblasts/myofibroblasts and contracted collagenous cords (7) . The former structures represent the early stage of the disease, and the latter are typical of the advanced disease (7) . In the pathogenesis of Dupuytren's contracture, a key role is played by changes in palmar fascia fibroblast activity that occur probably as a result of high levels of growth factors [mainly transforming growth factor β1 (TGF β1), fibroblast growth factor-2 (FGF-2), platelet derived growth factor (PDGF)] and free radicals (for reviews : 8-10) . The abnormal cell behaviour is manifested by (i) intensive proliferation activity, (ii) the appearance of a myofibroblast phenotype characterized by the presence of α-actin microfilament bundles in the cytoplasm, and (iii) alterations in the synthesis of ECM components. Changes in collagen and noncollagenous glycoproteins connected with Dupuytren's disease are already known, while the PG metabolism is poorly understood. Thus, the aim of the present study was an evaluation of Dupuytren's fascia (DF) matrix PGs.
MATERIALS AND METHODS
Materials-Urea, guanidine HCl, all protease inhibitors, Sepharose CL-4B, CHAPS [3-((3-cholamidopropyl) Odczynniki Chemiczne, Gliwice, Polska and were of analytical grade.
Tissue Material-Samples of normal (unaffected) palmar fascia (NF) were taken during hand-surgery from 14 patients (11 women, 3 men; age range 35 to 69 years) suffering from non-rheumatoid carpal tunnel syndrome. Specimens of DF were obtained from 15 patients (4 women, 11 men; age range 43 to 74 years) treated operatively for this disease. Specimens of DF were mainly in the fibrotic stage according to criteria set forward by Rombouts et al. (11) as evaluated by conventional histology. Treatment at this phase of the disease gives a low risk of recurrence. Tissue donor characteristics, including the mode of tissue sample handling are given in Table 1 . All tissue samples were obtained with informed consent of the patients. The study protocol was approved by the Regional Ethical Committee. The specimens, freed from adjacent tissues, were stored at -20°C until processing.
Proteoglycan Extraction and Purification-Weighed tissue samples were homogenized in acetone in order to degrease and dehydrate and then reweighed. The samples were then suspended in buffer (10 ml/1 g dry tissue) containing 7.8 M urea in 0.05 M sodium acetate (pH 6.0) with 0.2 M NaCl and protease inhibitors (5 mM ethylmaleimide, 5 mM benzamidine HCl, 10 mM EDTA, 10 mM ε-amino-n-caproic acid and 1 mM PMSF). Matrix PGs were extracted for 24 h at 4°C under stirring. Extracts were separated from the tissue pellets by centrifugation (19,000 × g) and the extraction procedure was repeated. The combined extracts were applied to a DEAE-Sephacel column (5 ml bed volume) equilibrated and washed with 7.8 M urea in 0.05 M sodium acetate buffer, pH 6.0, containing 0.2 M NaCl, 0.25% (v/v) Triton X-100 and protease inhibitors in order to separate PGs from other molecules. The PGs/free sulfated GAGs bound to DEAE-Sephacel (anion exchanger) were eluted with equilibrating buffer containing 1 M NaCl and 0.1% (v/v) Triton X-100. The presence of PGs/free sulfated GAGs in 2 ml fractions was monitored by reaction with dimethylmethylene blue dye according to Farndale et al. (12) . Fractions containing PGs/free sulfated GAGs were combined, dialyzed into 0.05 M sodium acetate, 0.1% (v/v) Triton X-100, and concentrated with Centriplus centrifugal concentrators (Amicon). Simultaneously with sample concentration, the buffer was changed to 4 M guanidine HCl (GdnHCl) in 0.15 M sodium acetate, pH 6.3. The prepared samples were further subjected to gel filtration in order to fractionate the PGs into large and small molecules. The chromatography was carried out on a 1 × 44 cm column of Sepharose CL-4B in 4 M GdnHCl, 0.15 M sodium acetate, pH 6.3. The column void volume (V o ) and total volume (V t ) were determined by the elution position of Blue Dextran and tyrosine, respectively. Fractions (0.5 ml) were eluted at a flow rate of 0.6 ml/min and analysed for PGs/free sulfated GAGs by the dimethylmethylene blue dye-binding assay (12) . Fractions containing large and small PGs were combined and precipitated by the addition of 10 volumes of cold absolute ethanol followed by overnight incubation at 4°C. The PG pellets were collected by centrifugation (19,000 × g) and dried. After reconstitution of the pellets in distilled water, aliquots were taken for the determination of protein content according to Bradford (13) . The remaining PG samples were frozen, lyophilized and stored at -20°C until analysed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and then by Western blotting. Samples containing small PGs (decorin and biglycan) were subsequently submitted to hydrophobic interaction chromatography on octyl-Sepharose CL-4B according to Choi et al. (14) to separate these glycoproteins. The column was equilibrated in 4 M GdnHCl, 0.15 M sodium acetate, pH 6.3, at 25°C. The volume of octyl-Sepharose used depended on the PG sample, so that the ratio of the bed volume to PG content was 7.5 ml/1 mg. After 2 h binding of PGs to the bed, decorin was eluted with equilibrating buffer as unbound material. Biglycan bound to octyl-Sepharose was eluted with 1% CHAPS in 4 M GdnHCl, 0.15 M sodium acetate. The purities of decorin and biglycan were assessed by SDS-PAGE and also by rechromatography on octyl-Sepharose CL-4B in the presence of 2 M GdnHCl (14) . The molecules adsorbed to the bed were eluted using a linear gradient of 2-6 M GdnHCl. To confirm the purity of decorin and biglycan in the case of DF-derived PGs, Western blotting was carried out.
SDS-PAGE of Proteoglycans-To evaluate the PG profile of palmar fascia extracts, the molecules fractionated by gel filtration were further subjected to 7% or 4-15% SDS-PAGE before and after treatment with chondroitinase ABC. Enzyme digestion of CS/DS chains in order to release the PG core proteins was carried out as described previously (15) . To check the sensitivity of small PGs to heparitinase, the molecules were subjected to the enzyme action as described previously (15) . The electrophoresis of core proteins and intact PGs was performed according to Laemmli (16) using Sigma apparatus. Samples were dissolved in 0.06 M TrisHCl buffer, pH 6.8, containing of 6% (w/v) urea, 0.02% (w/v) EDTA, 20% (v/v) SDS and 10% (v/v) glycerol. After boiling (2 min), the samples were applied to gels and separated at 11 mA. After resolution, the gels were fixed for 1 h in 10% (w/v) sulfosalicylic acid and subsequently stained for 2 h in 0.125% (w/v) Coomassie Blue R-250 in 50% methanol and 10% acetic acid. Gel destaining was carried out first in 50% methanol and 10% acetic acid for 10 min, and then in 5% methanol and 7% acetic acid. Some gels were stained with silver according to the method of Krueger and Schwartz (17) . To estimate the staining intensity of the individual bands, the gels were subjected to densitometric scanning on a Hoeffer Scientific densitometer. The molecular masses of intact PGs and their core proteins were calculated from the calibration curve generated by plotting the relative mobilities of standard proteins [carbonic anhydrase (29 kDa) , egg albumin (45 kDa) and bovine serum albumin (67 kDa)] as well as high-molecular-weight proteins that are not yet typical mass markers [standard collagen type I, containing collagen α chains (α1 of approx. 98 kDa and α2 of approx. 90 kDa ) as well as their dimers and trimers] against the log of these molecule molecular masses. Thus, the molecular masses of high-molecular-weight components present in both NF and DF extracts was evaluated only approximately.
Western Blotting-To confirm the identity of small PGs extracted from tissue samples, the immunoreactivity of these molecules was evaluated. Before that, the SDS-PAGE resolved PGs and their core proteins were electrotransferred to Immobilon P membranes in a Hoeffer semi- To block non-specific antibody adsorption, the blots were incubated in TBS buffer containing 5% (w/v) Blot Quick Blocker for 1 h at 21°C. After washing with TBS (3 times, 5 min each), the membranes were treated with polyclonal rabbit anti-human decorin (LF-136) and anti-human biglycan (LF-51) antibodies. The antibodies were generously provided by Dr. L. Fisher, NIDR, Bethesda. These primary antibodies were diluted 1:500 in TBS, containing 5% (w/v) Blot Quick Blocker and incubated with blots for 1 h at 21°C. Then, membranes were washed as above and treated for 1 h at 21°C with alkaline phosphatase conjugated mouse monoclonal anti-rabbit immunoglobulin G, diluted 1:150,000 in TBS, containing 5% (w/v) Blot Quick Blocker. Immunoreactive PGs and their core proteins were visualized using a mixture of NitroBlue Tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate in buffer provided by the manufacturer (Sigma, USA).
Isolation of Decorin and Biglycan Glycosaminoglycan Chains-To obtain decorin and biglycan GAG chains, the PG core proteins were exhaustively digested with papain. Proteolysis was conducted in 0.1 M phosphate buffer, pH 6.5, containing 5 mg of enzyme per 1 ml and 0.01 M cysteine HCl for 12 h at 56°C. The obtained peptides were precipitated by the addition of 100% (w/v) trichloroacetic acid (TCA) to a final concentration of 7% followed by incubation for 12 h at 4°C. The precipitate was centrifuged (7,200 × g, 20 min), washed with 7% TCA, and centrifuged again. The obtained pellets were discarded and the combined supernatants were treated with 5 volumes of absolute ethanol for 12 h at 4°C to precipitate GAGs/ peptidoGAGs. The GAG containing pellets were collected by centrifugation (19,000 × g, 15 min), dried and subjected to alkaline treatment as described previously (18) . The above procedure allows the removal of core protein fragments from peptidoGAGs. Then, the obtained samples of decorin and biglycan GAG chains were analysed for uronate content according to Blumenkrantz and Asboe-Hansen (19) .
Analysis of Glycosaminoglycan Structure-To obtain chain regions with specific structures, i.e., copolymeric sections as well as homopolymeric segments including glucuronate disaccharide clusters ("glucuronic" regions) and iduronate disaccharide clusters ("iduronic" regions), decorin and biglycan derived GAGs were digested with bovine testes hyaluronidase, chondroitinase B or chondroitinase AC I, respectively. Degradative procedures were performed as described previously (18) . Briefly: hyaluronidase hydrolysis of GAGs was carried out in 0.1 M sodium acetate buffer, pH 5.0, containing 0.15 M NaCl, for 24 h at 37°C. Chondroitinase B degradation of GAGs was performed in 0.05 M TrisHCl buffer, pH 7.5, for 24 h at 25°C; chondroitinase AC I cleavage was conducted in 0.03 M TrisHCl buffer, pH 7.4, containing 0.03 M sodium acetate and 0.025% (w/v) BSA, for 2 h at 37°C. The GAG degradation products as well intact GAG chains were further analysed by PAGE.
Polyacrylamide Gradient Gel Electrophoresis of GAGs and Products of GAG Degradation-PAGE was carried out according to Laemmli (16) as modified by Lyon and Gallagher (20) . The resolving gel consisted of a 20-25% (w/v) total acrylamide gradient with 2.5-7% (w/v) crosslinker gradient. Intact decorin and biglycan GAG chains and products of GAG degradation were resolved at 200 V after the addition of glycerol to 10% and phenol red. Electrophoresis was terminated when the phenol red reached 1.0 cm from the bottom of the gel. The gel was removed, fixed and stained, first in Azure A and then in ammoniacal silver nitrate as described by Lyon and Gallagher (20) and submitted to densitometry.
Statistical Analysis-Statistical analysis was carried out in order to evaluate the significance of differences in the amount of sulphated GAGs eluted at 1 M NaCl from DEAE-Sephacel in the case of Dupuytren's fascia extracts compared with normal palmar fascia extracts. Data were analysed by the Shapiro-Wilk test to verify the assumption of normal distribution. Results were expressed as mean values ± SD. Statistical evaluation was performed with the Student's t test, accepting P < 0.05 as significant.
RESULTS

Characterization of Matrix Proteoglycans from Normal
Fascia and Dupuytren's Fascia-PGs extracted from separate tissue samples (Table 1) under dissociative conditions were further purified and characterized individually. The first step in glycoprotein purification was anion exchange chromatography on DEAE-Sephacel. PGs adsorbed to the bed were eluted at 1 M NaCl. The column elution patterns of sulfated GAGs (representing both PG side chains and free GAG chains) were similar for both tissues-approx. 90% of molecules were recovered at this salt concentration. However, in the case of NF the eluates contained 126 ± 42.2 µg of sulfated GAGs per 1 g dry weight, whereas the DF samples contained significantly more sulfated GAGs, i.e., 282.7 ± 97 µg of per 1 g dry weight (P < 0.05). The components eluted at 1 M NaCl were further subjected to gel chromatography on Sepharose CL-4B. Typical elution patterns are shown in Fig. 1 , a and b. As can be seen, regardless of the tissue sample, PGs fractionated into two peaks. The minor peak (peak I) comprised molecules excluded from Sepharose CL-4B. Instead, a majority of PGs eluted as a broad asymmetrical peak (peak II) with average K av (K av defined as a ratio of (V e -V o ) to (V t -V o ) where V e , elution volume of molecules forming peak maximum; V o , void volume; V t , total volume of bed) of 0.49 and 0.40 for compounds derived from NF and DF, respectively. Species present in pooled fractions of the individual peaks ( Fig. 1 , a and b) were further analyzed by SDS-PAGE followed by staining with Coomassie Blue. In the case of PG samples, the material excluded from Sepharose CL-4B comprised highmolecular-weight compounds poorly penetrating into gel, although usually slight contamination by second peak components (showing great electrophoretic mobility) was also apparent (Fig. 2 , lanes 3 and 5). Very slowly migrating species, more prominent in DF samples, particularly those derived from 46-and 49-year-old patients, were partly sensitive to chondroitinase ABC degradation. Enzyme treatment of NF-derived PGs, which was possible in the case of a few larger tissue samples, produced a barely apparent core protein band at approx. 400 kDa, as indicated by the arrowhead in Fig. 2 , lane 2. Components with approx. molecular masses of 130 and 150 kDa (marked by the bracket in Fig. 2 , lanes 2 and 4) are chondroitinase ABC-related. Enzyme action on peak I PGs derived from all of the DF samples resulted in the appearance of several large proteins of which those with approx. molecular masses of 400 and 450 kDa (as indicated by the arrowheads in Fig. 2 , lane 4) were most prominent. The above-mentioned species were frequently contaminated with a component with an apparent molecular mass of 47 kDa, representing a small PG core protein.
As opposed to the susceptibility to chondroitinase ABC, the large PG sensitivity to heparitinase action has not been proved to be due to small amounts of these glycoproteins obtained, particularly in the case of control tissue.
Regardless of the tissue sample, the components in peak II when chromatographed on Sepharose CL-4B, resolved during SDS-PAGE into two polydisperse bands (Fig. 3, lanes 3 and 4) . In the case of the NF-derived PG samples the most prominent band included fast migrating species with approx. molecular masses ranging from 80 to 120 kDa (Fig. 3, lane 3) . Components migrating at approx. 250 kDa formed barely stained band (marked by the arrowhead in Fig. 3 , lane 3). In contrast, the bands of DF-derived small PGs showed similar staining intensities (Fig. 3 , lane 4), although some differences in this respect were found for the samples from patients aged of 43, 44 and over 70 years. In the case of these specimens, rapidly moving molecules displayed approximately 1.5-fold staining intensity over that of slowly migrating species. The former components derived from DF samples had approx. molecular masses ranging from 110 to 170 kDa, while the slower species migrated at approx. 350 kDa (Fig. 3, lane 4) . However, it should be noted that some differences in molecular weight of both component types derived from the various samples from NF and DF. Irrespective of tissue type, small PGs obtained from the samples from 40-50-year-old subjects displayed the highest molecular masses, while the molecular weights of the glycoproteins derived from older individuals gradually declined with age. Moreover, sex-dependent intra-group variations with regard to PG molecular masses were also found. The glycoproteins derived from females had a somewhat lower weight as compared to those from PG males of corresponding age. However, the latter data need to be confirmed due to the small number of samples compared. Nevertheless, irrespective of small PG mass alterations observed within each group of tissue samples, the macromolecules isolated from the palmar fascia of Dupuytren's patients always displayed significantly higher molecular weights than those of the glycoproteins derived from healthy individuals of corresponding age. On the other hand, to eliminate (or at least to limit) the impact of non-Dupuytren's disease connected factors on PG metabolism, the macromolecules derived from healthy subjects and patients of corresponding sex and age were compared. Both small PGs present in all of the NF and DF samples were completely resistant to heparitinase (data not shown) and sensitive to chondroitinase ABC. Electrophoregrams of the latter enzyme-treated samples lacked the above-mentioned diffuse bands (Fig. 3, lanes 3 and 4 versus Fig. 3, lanes 2 and 5) , whereas the appearance of a closely spaced core protein doublet was found (Fig. 3,  lanes 2 and 5) . The proteins demonstrated apparent molecular masses of 47 and 49 kDa in all of the NF and DF samples.
In spite of the absence of differences in small PG core protein electrophoretic mobility when NF and DF samples were compared, significant alterations in core protein staining intensity were observed. In all of the NF samples, faster migrating small PG core proteins were less visible (Fig. 3, lane 2) , while bands of DF-derived core proteins showed almost similar staining (Fig. 3, lane 5) .
Two small PGs found in NF and DF extracts represent decorin and biglycan as judged from the molecular masses of the intact molecules and core proteins, as well as the types of GAG side chains. To confirm this suggestion, PG immunoreactivity was evaluated. The analysis was carried out for core proteins derived from two samples each of NF and DF small PGs (NF from a 54-year-old female and a 55-year-old male; DF from a 54-year-old female and a 54-year-old male). Single PG samples (from a 55-year-old healthy male and a 54-year-old male with Dupuytren's disease) were used to evaluate intact glycoprotein immunoreactivity. The selected samples were representative of both groups.
Antiserum against a peptide near the N-terminus of decorin (LF-136) identified as the decorin core protein the component migrating at 49 kDa in both NF extracts, as can be seen in a typical blot (Fig. 4a, lane 3) . On the other hand, two proteins with molecular masses of 47 (Fig. 4a, lane 5) . The lack of 47 kDa core protein immunostaining by LF-136 on NFderived small PG blots may be due to the small amount of this component in samples subjected to Western blotting (and in tissue extracts). This suggestion is supported by the results of SDS-PAGE carried out on purified decorin core protein variants derived from one NF sample probed with LF-136 (Fig. 4c, lane 1) . Moreover, similar electrophoretic patterns of decorin core proteins were found for all of the other three NF samples (from a 48-year-old female, a 64-year-old female and a 69-year-old male). Nevertheless, other explanations for the phenomenon visible on NF-derived PG core protein immunoblots probed with LF-136 cannot be excluded. It is conceivable that the 47 kDa core protein of NF-derived decorin lacks epitopes recognized by LF-136 due to mRNA alternative splicing. Moreover, the presence of a new CS/DSPG cofractionating with NF decorin and characterized by its 47 kDa core protein should be considered. However, these hypotheses seem unlikely in light of the present knowledge. Similarly, a hypothesis for epitope masking due to changes in decorin core protein conformation seems to be nearly impossible.
The immunologic identification of intact fascia PGs with LF-136 indicates that material moving as a diffuse band at approx. 110-170 kDa on DF-derived small PG blot represents decorin (Fig. 4a, lane 4) . On the other hand, the lack of PG immunostaining in the case of the NF sample (Fig. 4a, lane 2) is probably due to the small amount of protein used for Western blotting. This suggestion results from the fact that in a sample combining two NF specimen extracts (from a 55-year-old male and a 54-year-old female) at a ratio of 1:1, the presence of 80-120 kDa PG demonstrating LF-136 immunoreactivity was found (Fig. 4b, lane 2) . Moreover, LF-136 immunoreactivity in this sample was also observed for components migrating at approx. 250 kDa (Fig. 4b, lane 2) . Similar species probably representing decorin that cross-linked to other matrix molecules were also found in skin extracts (21) .
Antibodies to a peptide near the N-terminus of biglycan (LF-51) immunostained the 47 kDa core protein in NFderived PG samples, and the 47, 170 and 240 kDa core proteins in the case of DF samples as shown on typical blots (Fig. 5a, lanes 2 and 3) . The presence on the DF sample blots of high-molecular-weight species showing reactivity with LF-51 indicates that biglycan can crosslink to other molecules in the DF matrix. It should be noted that similar biglycan-related components with high molecular weights were observed in skin extracts (21) .
In the case of DF sample, immunostaining by LF-51 was also found for PG with molecular masses of approx. 350 kDa (Fig. 5b, lane 2) . However, few molecules migrating as DF decorin (indicated by the arrowhead in Fig. 5b , lane 2) showed this immunoreactivity as well. On the other hand, the NF intact biglycan was not subjected to immunostaining due to its very low content in tissue extracts (for immunostaining intact PG, at least 3 times more protein is needed than when the immunoreactivity of the core protein is studied). However, it can be pre- sumed that in the case of NF extracts, biglycan is represented at least by species migrating in SDS-PAGE at approx. 250 kDa as judged from the known ability of PG to self-associate in 0.375 M Tris HCl (used in the Laemmli electrophoretic system) leading to a decrease in glycoprotein electrophoretic mobility in comparison to that of decorin (22) . To separate biglycan from decorin, samples of NF-and DF-derived small PGs were submitted to hydrophobic interaction chromatography on octyl-Sepharose CL-4B in 4 M GdnHCl. In all PG samples, two fractions were obtained, as can be seen from typical chromatogram patterns (Fig. 6, a and b) . The first fraction contained material that did not bind to octyl-Sepharose, and the second comprised PG(s) bound to the bed and eluted by 1% CHAPS. The particularly abundant fraction of unbound PG(s) and the small fraction of bound material were found in all NF-derived samples (Fig. 6a) , whereas in a majority of the DF samples, PG material was almost equally divided into the two above-mentioned fractions (Fig. 6b) . Only in samples from the 43, 44 and above 70-year-old patients was the fraction of PG(s) adsorbing to the bed clearly smaller (data not shown). To characterize the obtained PG fractions, their components were subjected to SDS-PAGE. The electrophoregrams indicate that regardless of the tissue sample, unbound material contained only molecules moving as decorin (Fig. 7a,  lanes 1 and 3) , while the fraction eluted with 1% CHAPS included biglycan (Fig. 7a, lanes 2 and 4) . However, each fraction of PG(s) adsorbing to bed also contained components migrating as decorin (Fig. 7a, lanes 2 and 4) . To verify the purity of all PG fractions, the molecules were submitted to re-chromatography on octyl-Sepharose CL-4B at 2 M GdnHCl and then eluted with a linear gradient of 2-6 M GdnHCl. In the case of both palmar fascia types (i.e. NF and DF), the species comprising the material not bound to the bed at 4 M GdnHCl, when chromatographed in the presence of 2 M GdnHCl, eluted as a single peak at low GdnHCl concentration (data not shown). Instead, DF-derived PG(s) that adsorbed to octyl-Sepharose at 4 M GdnHCl, also eluted as a single peak, but at high GdnHCl concentration when chromatographed at 2 M GdnHCl (data not shown). In the case of the NF samples, the PGs binding to the bed at 4 M GdnHCl separated into two molecular fractions when re-chromatographed at 2 M GdnHCl (data not shown). The minor fraction comprised molecules eluted at low GdnHCl concentration, while the major fraction contained species desorbed from the bed at high GdnHCl concentration. It seems that decorin contamination of the biglycan fraction obtained after hydrophobic interaction chromatography of NF samples at 4 M GdnHCl can result from technical problems with the preservation of the proper ratio of small PG amount to bed volume due to the small amounts of these molecules. To resolve this problem, chromatography at 2 M GdnHCl was carried out in thin calibrated tubes.
The NF-derived molecules adsorbed more avidly to octyl-Sepharose at 2 M GdnHCl displayed homogeneity when again subjected to hydrophobic interaction chromatography under the same conditions (data not shown). However, during SDS-PAGE the species still separated into two bands as shown in Fig. 7b , lane 1, which shows the electrophoretic pattern of a 54-year-old female PG. Moreover, similar results were obtained for two other PG samples (from a 48-year-old female and a 69-year-old male; data not shown). It seems that components moving as decorin can represent biglycan with distinct polysaccharide substitutions. Such species present in DF sam- ples displayed immunoreactivity with antiserum against recombinant biglycan (Fig. 5b, lane 2) . To confirm the purity of the PG fractions obtained after hydrophobic interaction chromatography on octyl-Sepharose CL-4B in 4M GdnHCl, Western blotting was also performed. However, the latter procedure was employed only in the case of a few samples of DF-derived PGs due to insufficient amounts of material. Both DF decorin and DF biglycan did not display any cross-immunoreactivity with antihuman biglycan (LF-51) or anti-human decorin (LF-136) antibodies, as judged from typical blots (Fig. 7, c 1 and c 2 ) .
Evaluation of NF-and DF-Derived Small PG Glycosaminoglycan Structure-To evaluate glycosaminoglycan chain molecular masses and composition, GAGs released from individual small PG samples after core protein proteolysis by papain followed by alkaline elimination were submitted to PAGE, before and after treatment with various enzymes. The following enzymes were used: testicular hyaluronidase, chondroitinase AC I and chondroitinase B. Testicular hyaluronidase hydrolyzes (β1→4) linkages between GalNAc and GlcA residues (23) . However, the enzyme requires at least two GlcA repeat disaccharide sequences (23) . Thus, hyaluronidase depolimerizes chondroitin-4-sulfate (C-4-S) and chondroitin-6-sulfate (C-6-S) to okta-but mainly to tetra-and hexasaccharides, while the enzyme action on DS yields a series of oligosaccharides with the general structure GlcA-GalNAc-(IdoA/GlcA-GalNAc) n -GlcA-GalNAc, where n is the number of disaccharide repeats resistant to degradation (23) . Hyaluronidase treatment of NF-and DF-derived PG glycosaminoglycans should identify copolymeric regions and/or homopolimeric segments (i.e. clusters of disaccharide repeats with iduronate residue and clusters maximally of four disaccharide repeats with glucuronate residue) if present in GAG chains. To reveal the presence of iduronate disaccharide clusters ("iduronic" regions) in small PG glycosaminoglycan chains, GAG sensitivity to chondroitinase AC I was assessed as the enzyme cleaves only (β1→4) links between GalNAc and GlcA residues (24) . Then, among the products of DS and CS degradation by chondroitinase AC I, ∆HexA-(GalNAc-IdoA) n -GalNAc and/or ∆HexA-GalNAc are found, in which n is the number of disaccharide repeats resistant to degradation and ∆HexA represents 4-deoxy-L-threo-hex-4-enopyranosyluronic acid (24) .
Apart from copolymeric and "iduronic" segments, the contribution of glucuronate disaccharide clusters ("glucuronic" regions) to the composition of NF-and DFderived small PG glycosaminoglycans was also evaluated. The latter chain fragments were obtained after chondroitinase B action as the lyase splits GalNAc-IdoA links in DS chains to generate degradation products that include ∆HexA-GalNAc and ∆HexA-(GalNAc-GlcA) n -GalNAc (24) . However, it should be emphasized that among all products received after single enzyme action on GAGs, di-and tetrasaccharides are undetectable by Azure A/ ammoniacal silver staining after PAGE due to their unsuitable charge (20) . Nevertheless, simultaneous analysis of products obtained after independent action of three enzymes (chondroitinase AC I, chondroitinase B and testicular hyaluronidase) on the same GAG material avoids this limitation and yields almost complete data about GAG composition. For example, chondroitinase AC I depolymerizes DS chain segments consisted of glucuronate disaccharide clusters mainly to disaccharides. However, simultaneously conducted degradation of the same GAG material by chondroitinase B (enzyme with complementary degradation properties that acts on DS) allows detection of all of such chain regions (20) . Similarly, "iduronic" regions degraded by chondroitinase B to disaccharides can be shown after action of chondroitinase AC I. Moreover, DS cleavage by hyaluronidase, which does not degrade chain segments comprising single glucuronate disaccharides flanked by iduronate disaccharide clusters or single glucuronate disaccharides alternating with single iduronate disaccharides, allows additionally the visualization of these fragments depolymerized by chondroitinase B and/or AC I to saccharides undetectable by Azure A (20, 23) .
To evaluate the relationship between the molecular size of the GAG degradation products and their electrophoretic mobility in the gradient gel [20-25% (w/v) total acrylamide gradient with a 2.5-7% (w/v) crosslinker gradient], saccharides obtained after partial depolymerization of standard C-4-S and standard DS by chondroitinase AC I were first separated by chromatography on Bio-Gel P-10 and then electrophoresed in the same gels. The results (data not shown) indicated that the above gradient gel separated GAG derived oligosaccharides principally on the basis of molecular size.
NF and DF Biglycan GAG Structure-Regardless of the tissue source, the biglycan GAG chains showed remarkable molecular mass heterogeneity, migrating in PAGE as broad, polydisperse bands (Fig. 8a, lanes 2 and 3) . Moreover, GAGs derived from all of the biglycan samples irrespective of tissue type, had apparent molecular masses ranging from several hundred Da to 14 kDa as compared with simultaneously electrophoresed reference DS with molecular masses of 11-25 kDa (Fig. 8a, lane 1) . However, it should be noted that within NF biglycan GAG chains, those with smaller molecular masses prevailed, while in the case of DF biglycan, the amounts of high and small molecular mass chains were almost equal (Fig. 8a,  lanes 2 and 3) . However, individual intra-group differences in biglycan GAG molecular size were difficult to assessment due to poor staining of intact chains by ammoniacal silver (20) . Simultaneously, this sensitive staining method had to be used because of the small amounts of GAGs. Nevertheless, it may be presumed that irrespective of fascia type, age-related alterations in PG GAG chain molecular size resembling those found for intact glycoprotein weight occur. This results from the fact that biglycan molecules derived from all tissue samples had core proteins with the same molecular mass.
Commonly, GAG chains derived both from NF and DF biglycan samples displayed little if any sensitivity to hyaluronidase, as seen in comparisons of the degradation product electrophoretic patterns with those of intact glycosaminoglycans (Fig. 8b, lanes 1 and 2 versus Fig. 8a,  lanes 2 and 3) . On the other hand, standard C-4-S treated with hyaluronidase under the same conditions was almost completely degraded (Fig. 8b, lane 3 versus lane  4) . The data suggest that NF and DF biglycans bear DS chains with high contents of iduronate disaccharides. This hypothesis was further verified by evaluating biglycan GAG sensitivity to chondroitinase AC I and B. How- ever, in these studies, only DF biglycan GAG samples were used due to the very small amounts of DS chains obtained from NF-derived biglycan samples as a consequence small content of this PG in normal tissue.
DS from DF biglycan samples also demonstrated significant resistance to chondroitinase AC I as can be seen from a typical electrophoretic pattern of the degradation products of this GAG (Fig. 8c, lane 2) . However, among the degradation products, an increase in the contents of species with smaller molecular masses and the disappearance of some high-molecular-mass components were observed as compared with hyaluronidase resistant saccharides (Fig. 8c, lane 2 versus Fig. 8b, lane 2) . Nevertheless, the above results unequivocally indicate that at least DF biglycan DS chains contain mainly iduronate disaccharide clusters. These "iduronic" segments are separated by/associated with rather short clusters of glucuronate disaccharides as judged from the observation that DS fragments resistant to chondroitinase B show high electrophoretic mobility (Fig. 8d, lane 2) . Moreover, it is not unlikely that some of the latter saccharides include a tetrasaccharide linkage region adjacent to a "glucuronic" segment as such chain sections are resistant to lyase (24) .
Quantitative analysis of DF biglycan DS degradation products detected on the electrophoregrams revealed that the contribution of glucuronate disaccharide clusters to GAG chain composition is insignificant when compared to the content of "iduronic" sections (data not shown). It can be postulated, therefore, that part of the latter regions are separated by/associated with single glucuronate disaccharides forming in DS chains long copolymeric segments resistant to hyaluronidase (Fig.  8b, lane 2) and sensitive to chondroitinase AC I (Fig. 8c,  lane 2) .
Structure of NF and DF Decorin GAGs-Regardless of tissue sample, the majority of decorin GAG chains displayed higher molecular masses than biglycan dermatan sulfates (Fig. 9a 1 , lane 1 and Fig. 9a 2 , lane 2 versus Fig.  8a, lanes 2 and 3) . Intact GAG chains of NF decorin samples had apparent molecular masses ranging from 5 to 22 kDa (Fig. 9a 1 , lanes 1 and 2) , whereas GAG chains derived from DF decorin samples showed molecular masses between 11 and 24 kDa (Fig. 9a 2 , lanes 1 and 2) as compared to simultaneously elecrophoresed standard DS with molecular masses of 11-25 kDa. However, individual intra-group deviations with respect of decorin GAG chain molecular size were difficult to assess for the same reason as in the case of biglycan DS. Nevertheless, it seems, that decorin GAG chain weight undergoes agerelated alterations resembling those suggested for biglycan DS.
The electrophoretic patterns of products obtained after hyaluronidase action on GAGs from both NF and DF decorin samples were ladder-like with similar designs of distinctly apparent main bands with interspersed weakly visible bands (Fig. 9b, lanes 1 and 2) . However, in the case of DF decorin GAG degradation products with intermediate and high mobility, an increased proportion of components forming main bands to those in interspersed bands was found (Fig. 9b, lanes 1 and 2) . Simultaneously, individual intra-group differences in the electrophoretic patterns were poorly manifested and frequently limited to an increased content of single saccharides. Nevertheless, it can be concluded that regardless of tissue type, decorin GAG chains derived from 40-49-year-old individuals contain somewhat more of both short and very long regions resistant to hyaluronidase as compared with glycans derived from older subjects. On the other hand, GAG chains from all decorin samples, regardless of tissue type, manifested higher sensitivity to hyaluronidase than biglycan DS when the electrophoretic patterns of degradation products were compared to those of intact glycan chains (Fig. 9b versus Fig. 9a 1 , lane 1 and Fig. a 2 , lane 2 as well as Fig. 8b , lanes 1 and 2 versus 8a, lanes 2 and 3). Simultaneously, decorin GAGs still showed remarkably higher resistance to enzymatic hydrolysis than standard C-4-S (Fig. 9b, lanes 1 and 2 versus Fig. 8b , lane 3). These data suggest that NF and DF decorins bear DS chains with a higher proportion of glucuronate residues compared to iduronate residues than biglycan GAGs. This suggestion is supported by the observation that in DS chains derived from both NF and DF decorin samples, the contents of chondroitinase B-resistant segments able to be detected by staining are enhanced, as can be seen from typical electrophoretic patterns of these GAG degradation products (Fig. 9c, lanes 1 and 2 versus Fig. 8d, lane 2) . Nevertheless, some differences were found between NF and DF decorin DS with regard to the contents of particular "glucuronic" segments when electrophoregrams of degradation products obtained after chondroitinase B action were compared (Fig. 9c, lanes 1  and 2) . In the case of NF decorin samples, the DS chains showed enhanced amounts of slower migrating saccharides resistant to the enzyme, while GAG chains of DF decorin samples manifested higher contents of very fast migrating species (Fig. 9c, lanes 1 and 2) . Intra-group differences in the contribution of "glucuronic" segments in decorin DS structure were poorly marked. It seems however, that irrespective of fascia type, the amount of longer "glucuronic" regions increases somewhat in the PG GAG chains during the course of aging. Despite a relatively high number of "glucuronic" segments, DS chains from all decorin samples still displayed a significant content of "iduronic" regions as judged from the high resistance of these GAGs to chondroitinase AC I (Fig. 9d, lanes 1 and 2) . Nevertheless, among products obtained after lyase action on both tissue decorin dermatan sulfates, an increase in the amounts of compounds with high electrophoretic mobility was always observed as compared to the electrophoretic patterns of hyaluronidase-resistant chain fragments (Fig. 9d, lanes 1 and 2 versus Fig. 9b, lanes 1 and 2) . However, "iduronic" regions of DF decorin DS most frequently demonstrated lower heterogeneities than those of segments derived from NF decorin GAG as judged from the electrophoretic patterns of saccharides resistant to chondroitinase AC I (Fig. 9d,  lanes 1 and 2) . In the case of the latter PG, the presence of few more weakly stained bands interspersed between bands of major species was revealed (Fig. 9d, lane 1) . In contrast, electroforegrams of DF decorin DS degradation products showed bands of major components usually accompanied by only single slower moving compounds (Fig. 9d, lane 2) . The observed phenomenon can result from differences in the sulfation degree of "iduronic" sections (20) . Apart from the presence of oversulfated "iduronic" regions, DF decorin DS seems to have a greater number of iduronate disaccharide clusters per GAG chain than this glycan derived from normal tissue PG. This conclusion is based on the following findings. First, a high proportion of DF decorin DS chains had higher molecular masses (and, at least in some cases, longer lengths) than NF decorin GAG chains (Fig. 9a 2 , lane 2 and Fig. 9a 1 , lane 1) . Then, GAG material taken in equal amounts for chondroitinase AC I degradation comprised a smaller number of DF decorin DS chains than NF decorin GAG chains. Simultaneously, similar contents of lyase resistant saccharides were obtained in the case of both types of DS as estimated on the basis of the area under the densitometric scans (data not shown). Secondly, quantitative analysis of detectable products obtained after chondroitinase B and AC I action on decorin dermatan sulfates indicated that DF decorin GAG chains contain a higher proportion of "iduronic" sections to "glucuronic" sections (Fig. 9d, lane 2 versus Fig. 9c , lane 2) than NF decorin DS (Fig. 9d, lane 1 versus Fig. 9c,  lane 1) . Moreover, this finding suggests that, in the former GAG chains, greater part of "iduronic" sections is separated by single glucuronate disaccharides.
DISCUSSION
Our study was undertaken to evaluate the matrix PGs in NF and DF. The data obtained indicate that these tissues are characterized by different PG compositions. The PG profile of NF resembles that observed for fascia lata (15) , medial collateral ligament (25) and skin (21) . In these tissues, decorin (DSPG representing the family of small leucine-rich PGs) is the most abundant matrix PG, while biglycan, another member of this family along with versican, large CS/DSPG binding hyaluronic acid, exist as minor components. In the present study we focused on an extensive characterization of palmar fascia small PGs. Our findings show that the NF decorin core protein displays some heterogeneity with regard to molecular mass. The higher molecular mass form of the decorin core protein is predominant. The observed differences may result from divergence in N-linked oligosaccharide substitutions in the decorin core protein (26) . The other glycan components of NF decorin molecules, DS chains, demonstrated a distinct structure from that found for normal tissue biglycan GAG. The former GAG chains have larger molecular masses and a different pattern of C-5-uronosyl epimerisation as judged from their enhanced sensitivity to hyaluronidase degradation. The presence of structural differences between decorin and biglycan dermatan sulfates confirms the key role of the PG core protein in GAG side chain modifications probably affecting the regulation of the transport of synthesized molecules into particular subcellular compartments (27, 28) . However, on the other hand, our findings also indicate that the NF biglycan core protein, which shows homogeneity when electrophoresed in the presence of SDS and then immunostained or detected with Coomassie Blue, can exist with different modes of GAG substitution resulting in the appearance of two PG variants. The predominant biglycan isoform has a high molecular mass, while the considerably less abundant variant has a molecular mass similar to that of decorin. The mechanism for this phenomenon remains unclear. In contrast, biglycan isoforms synthesized by human lung fibroblasts demonstrated differences in both GAG substitution and core protein mass/ composition (29) . It cannot be excluded that similar alterations in biglycan core proteins occur in the case of NFderived PG. However, these changes are undetectable due to the very small content of the biglycan smaller variant in palmar fascia.
Dupuytren's disease is associated with significant alterations in the palmar fascia matrix PG profile as judged from tissue extract analysis. The most prominent change is the accumulation of a high-molecular-weight biglycan isoform that additionally shows an increase in the molecular masses of some of its DS chains. Moreover, an enhanced amount of CS/DS chain bearing large matrix components is also apparent in DF. In contrast to NF-derived large PG, which has a core protein with a molecular mass corresponding to that of the core protein of versican splice variant V1 (30), DF-derived molecules exhibited the presence of few core proteins. It seems that some of these latter components may represent the biglycan core protein cross-linked to various matrix molecules as judged from immunologic identification. However, an increased expression of versican splice variants should also be considered as occurring in DF and resulting in the appearance of the above-mentioned high-molecular-weight protein compounds.
Our data suggest that the decorin content in Dupuytren's fascia is not significantly altered as compared with normal tissue. This conclusion is based on the following. Decorin and biglycan usually bear one and two GAG side chains, respectively. Simultaneously, DFderived decorin DS chains showed an average molecular mass approximately twice that of DF biglycan GAGs. Moreover, the biglycan content in disease affected tissue samples frequently corresponded to that of decorin, while the former PG was present in NF in negligible amounts as judged from the electrophoregrams stained with Coomassie Blue. Therefore, the alteration in biglycan content (together with enhanced amounts of CS/DS containing large components) found in DF accounts for most of the above twofold increase in the amount of sulfated GAGs extracted from disease affected tissue as compared to NF. However, despite few, if any, quantitative changes, DF-derived decorin undergoes several qualitative alterations. The majority of them are associated with the remodeling of decorin DS chains. At least a portion of these chains have higher molecular masses and/or different sulfation and C-5-uronosyl epimerisation patterns as compared with NF decorin GAG chains. However, DF decorin DS still displays a chain structure distinct from that of DF biglycan GAG. Interestingly, the appearance of DF decorin DS chains with altered structures is accompanied with an increase in the amount of core protein, probably substituted with minor numbers of N-linked oligosaccharides. The relationship between the above phenomena requires further investigation. Nevertheless, it is known that N-glycosylation influences protein folding or conformation as well as binding affinity for various ligands (31) . Therefore, the protein N-glycosylation pattern could regulate the molecular attachment to the inner membrane surface of the endoplasmic reticulum and Golgi apparatus. This interaction seems to be pivotal for PG intracellular trafficking and biosynthesis (32) . Thus, a different mode of DF decorin core N-glycosylation may lead to changes in the transport of synthesized PG to subcellular compartments taking part in GAG modifications. Apart from alterations in the metabolism of small fascia PGs connected with Dupuytren's disease, age-related remodeling of these glycoproteins was also observed in the case of DF. The latter process was reflected in changes in the molecular masses of intact PG as well as their GAG chain structure. However, the observed alterations resembled those affecting NF-derived proteoglycans during the course of aging.
Connected with Dupuytren's contracture, the alterations in matrix PGs lead to an accumulation of DS and CS in diseased tissue. This latter phenomenon has been reported by others (33, 34) . It is worthy of note that similar remodeling of the matrix PG (and matrix GAG) profile has been observed in the case of hypertrophic skin scars (35) and scarred fascia lata (15) , demonstrating the existence of common mechanisms involved in some types of wound healing and Dupuytren's disease. However, the alterations in DF matrix PGs are only a part of the disease-associated complex rearrangement of ECM that includes collagen accumulation accompanied by an increase in the type III to type I collagen ratio (33) , the presence of fibronectin splice-variants (ED-A+ and ED-B+) and its oncofetal glycosylated form (36, 37) , and the appearance of molecules commonly found in basal membranes, such as laminin and type IV collagen (38) . Nevertheless, apart from the above-mentioned changes, matrix PG remodeling can significantly influence ECM properties. For example, decorin via its core protein inhibits the proliferation of many carcinoma cells, including those of connective tissue origin, in a manner involving the up-regulation of p21, an inhibitor of cyclin-dependent kinases (39) . On the other hand, versican can stimulate fibroblast proliferation (40) . This effect is promoted by large PG epithelial growth factor-like motifs (40) . Thus, palmar fascia fibroblast proliferation may depend in part on the decorin to versican ratio. Apart from a direct influence on cell growth, PGs can also modulate growth factor activity. Small leucine-rich PGs (especially decorin) bind via their core proteins or GAG chains to many cytokins and growth factors (41) (42) (43) (44) (45) (46) sequestering them from cell surface receptors. Some of these cytokines and growth factors are also involved in Dupuytren's disease [TGFβ, FGF-2, PDGF (36, 47) ]. It seems that the binding of these ligands to DF decorin DS can be promoted due to this GAG oversulfation as well as possibly improved flexibility. This latter property is connected with a higher content of iduronate residues (48) in DF decorin DS as compared with normal tissue PG. Moreover, the increased biglycan content in the DF extracellular matrix can also promote growth factor sequestering.
In addition to their influence on cell behaviour, matrix PGs are involved in ECM assembly. For example, collagen fibrogenesis is regulated by some members of the small leucine-rich PG family as judged from studies on PG deficient animals (49, 50) . Biglycan knock-out mice show remarkable alterations in collagen fibril morphology, including an increase in the amount of smaller diameter fibrils and less tight fibril packing (49, 50) . On the other hand, the appearance of thick collagen fibrils in the mouse decidua is promoted by biglycan (51) . Although the impact of accumulated biglycan on collagen network arrangement has not been evaluated, it seems that this PG, as a trivalent molecule, may "bridge" adjacent fibrils via its two GAG chains and core protein, thus favouring fiber formation. Therefore, it is conceivable that the formation of fibrotic cords typical of late DF (7) depends partly on an accumulation of biglycan as we have found in disease affected fascia. Thus, we conclude that the remodeling of palmar fascia matrix PGs may be a significant event in Dupuytren's disease progression from nodular lesions rich in proliferating (myo)fibroblasts to hypocellular fibrotic cords consisting of thick collagen fibers.
